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(54) Record condition extraction system and method for a dielectric recording medium, and 
information recording apparatus 



(57) The record condition extraction system (1 ) of a 
dielectric recording medium is intended to obtain an ap- 
plied voltage and an applied time length to be recorded 
when recording infoimatlon in the dielectric recording 
medium. The record condition extraction system (1) is 
provided with: an applied voltage setting device (1 1 ); an 
applied time length setting device (1 2); a record control 
device (13); an applied voltage / applied time length 
record device (14); a record device (15); a dot radius 
measurement device (16); a dot radius record device 
(17); an optimum dot radius detection device (18); a 



record condition determination device (19); and an out- 
put device (20). The applied voltage setting device (11) 
and the applied time length setting device (1 2) set a volt- 
age and a time applied to a probe (31 ) of the record de- 
vice (15), respectively. The dot radius of a polarization 
domain 38, which is recorded at the record device (15), 
is measured at the dot radius measurement device (16), 
and the optimum polarization domain (38) is obtained at 
the optimum dot radius detection device (18). The ap- 
plied voltage and the applied time length which have 
fomried the polarization domain (38) are extracted as an 
optimum record condition. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention ^ 

[0001] The present invention relates to a record con- 
dition extraction system for and a record condition ex- 
traction method of obtaining an optimum record condi- 
tion of a dielectric recording medium which records in- io 
formation in a microdomain of a dielectric substance 
with high density, as well as an information recording 
apparatus. 

2. Description of the Related Art 

[0002] Recently, many types of dielectric materials 
and piezoelectric materials have been developed, and 
most of them are used for ultrasonic elements, optical 
elements, a memory, and the like. In accordance with 
the fact, a method of measuring a remanent polarization 
distribution of the dielectric material and local anisotropy 
of the piezoelectric material has been developed. Also, 
by using this technique, another technique of recording 
inf omnation in the dielectric material and reproducing the 25 
infonnation has been developed. 
[0003] Conventionally, in order to observe a polariza- 
tion domain of the dielectric substance, there is a meth- 
od of using the difference of etching rates in a plane di- 
rection by chemical etching. However, only resolution 30 
on the order of ^ m can be expected in this method, and 
it requires time because of the need to pass through 
processes of the chemical etching and the like until the 
actual obsen/ation. With respect to the microdomain, 
there is a method of applying a high-frequency voltage 35 
to the dielectric material with an AFM (Atomic Force Mi- 
croscope) apparatus and using piezoelectric response 
at that time. In this method, however, it is difficult to ob- 
tain a detection signal having enough S/N ratios to the 
microdomain on the order of nm. 40 
[0004] The inventors of the present invention have de- 
veloped a SNDM (Scanning Nonlinear Dielectric Micro- 
scopy) to form and observe the microdomain. This ap- 
paratus can obsen/e the polarization domain of the die- 
lectric substance on the order of A and form an artificial ^5 
polarization domain by the application of an electric field 
to the dielectric substance. However, there is hardly any 
concrete condition extraction method of fomiing with 
good reproducibility a micro polarization domain that 
has a stable level for recording and reproducing. so 
[0005] If the polarization domain is fonned in the die- 
lectric material and this is recorded as infomiatlon, it is 
necessary to partially align the polarization of the die- 
lectric substance with the direction of an outer electric 
field by applying, from outside, the electric field whose 55 
intensity is stronger than that of the coercive electric 
field of the dielectric material. The Inventors of the 
present invention have fonned the microdomains on the 



order of sub m to PZT film and LiTaOs crystal using 
the above described SNDM, but they are not sufficiently 
stable. At the same time, few researchers report the 
technique on the formation of a stable sub \i m micro- 
domain, which is appropriate for recording and repro- 
ducing with high recording density to the dielectric ma- 
terial, in the current situation. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to provide a record condition extraction system and a 
record condition extraction method of the dielectric re- 
cording medium, as well as an Information recording ap- 
paratus, in ordertofonm a high-density and stable micro- 
domain in the electric material. 
[0007] The above object of the present invention can 
be achieved by a record condition extraction system of 
a dielectric recording medium for applying a voltage to 
the dielectric recording medium with a probe and ex- 
tracting a record condition for recording infonnation. The 
record condition extraction system is provided with: an 
applied voltage setting device for setting an applied volt- 
age to be applied to the dielectric recording medium; an 
applied time length setting device for setting an applied 
time length of the set applied voltage; a polarization do- 
main formation device for applying a voltage to the die- 
lectric recording medium from the probe on the basis of 
the set applied voltage and the set applied time length 
tofomn a polarization domain; and a measurement de- 
vice for measuring a size of the polarization domain 
fomied by the polarization domain fomnation device. 
[0008] According to the record condition extraction ' 
system of the dielectric recording medium, for the pur- 
pose of recording in the dielectric recording medium, it 
becomes possible to determine an optimum applied 
voltage to be applied to an electrode and an optimum 
applied time length of applying the applied voltage. The 
optimum applied voltage and the optimum applied time 
length are an applied voltage and an applied time length 
that fonn a stable and the smallest polarization domain. 
The applied time length is an applied pulse width and 
detennines a recording speed when recording Informa- 
tion sequentially, so that it is preferable as short as pos- 
sible, 

[0009] The optimum applied voltage and the optimum 
applied time length are obtained by applying a voltage 
to the dielectric recording medium by some combina- 
tions of the applied voltage and the applied time length, 
measuring the size of the polarization domain formed at 
that time, and examining data on the size of the obtained 
polarization domain, the applied voltage, the applied 
time length, and the like. 

[0010] The material and the thickness of the dielectric 
material, a probe radius, and the like affect on the for- 
mation of the polarization domain. At a recording appa- 
ratus using the material and the thickness of the same 
dielectric substance, and the same probe radius, it be- 
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comes possible to set a record condition capable of 
forming the most stable polarization domain at the high- 
est speed and with the highest density by setting the 
applied voltage and the applied time length as obtained 
above. 

[001 1] In one aspect of the record condition extraction 
system of the dielectric recording medium, it is provided 
with a detection device for detecting whether or not the 
polarization domain fonned in the dielectric recording 
medium is stable and the smallest on the basis of a 
measurement result by the measurement device. 
[001 2] According to this aspect, the smallest polariza- 
tion domain which is fomned by various combinations of 
the applied voltage and the applied time length and in 
which the polarization domain does not disappear and 
is held, I.e. the stable and the smallest polarization do- 
main is detected from the data on the measured polar- 
ization domains. For example, there is a point at which 
It becomes difficult to hold without the disappearance of 
the polarization domain because of a rapid decrease of 
the polarization domain formed In response to the de- 
crease of the applied voltage and the applied time 
length. The polarization domain at that time Is detected. 
[0013] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, It is 
further provided with a condition detennination device 
for detemiining the applied voltage and the applied time 
length that have fornied the polarization domain as an 
optimum record condition if the polarization domain is 
detected as being stable and the smallest by the detec- 
tion device. 

[0014] According to this aspect, if the stable and the 
smallest polarization domain is detected by the detec- 
tion device, the applied voltage and the applied time 
length at that time are determined and extracted as the 
optimum record condition for fomning the polarization 
domain with high density and at high speed. Therefore, 
if the stable and the smallest polarization domain can 
be learned (regardless of a visual observation or an au- 
tomatic detection), it is possible to detemnine the opti- 
mum condition of the applied voltage and the applied 
time length on the basis of it. 
[001 5] The tenri "the smallest" with respect to the temi 
"the size of the polarization domain" related to the 
present invention does not mean an ideal nor literal min- 
imum value, but means that it depends on the resolution 
and the reproducibility of the record condition extraction 
system and that it has some degree of width or range 
from the ideal or literal minimum value to the side where 
the polarization domain stabilizes such as a high voltage 
side or a long time length side. The width or the range 
related to "the smallest" is determined according to the 
resolution and the reproducibility of the record condition 
extraction system, experimentally, experientially, theo- 
retically, or by simulation, and it is not limited to a phys- 
ical change itself. "The optimum" record condition about 
the applied voltage and the applied time length indicates 
the value of the applied volume and the applied time 
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length that fomn "the smallest" polarization domain in the 
above meaning. 

[0016] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, it is 

5 provided with another condition detenmlning device for 
detennining an allowable range in the size of the polar- 
ization domain on the basis of the size of the polarization 
domain which is stable and the smallest detected by 
said detection device, and detennining an applied volt- 

10 age and an applied time length which are needed for 
fomiing the polarization domain having a size within the 
allowable range. 

[0017] The aforementioned condition detennining de- 
vice detemnines the applied voltage and the applied time 

15 length which is needed to form one size of the polariza- 
tion domain which is stable and the smallest detected 
by the detection device. However, the condition deter- 
mining device according to this aspect determines an 
allowable range in the size of the polarization domain 

20 on the basis of the size of the polarization domain which 
is stable and the smallest detected by the detection de- 
vice, and detemnines an applied voltage and an applied 
time length which are needed for forming the polariza- 
tion domain having a size within the allowable range. 

25 Theoretically, the size of the polarization domain which 
is stable and the smallest is one. However, actually, It Is 
allowed to change the size of the polarization domain 
within an allowable range. The allowable range Is deter- 
mined, for example, on the basis of functional conditions 

30 of an information recording or reproducing apparatus. 
More concretely, it is detemnined so as to keep the lim- 
itation of record speed or record density of an infonma- 
tion recording or reproducing apparatus. Thus, it is pos- 
sible to improve degree of freedom about setting of the 

35 voltage applied time length or setting of the polarization 
domain size. 

[0018] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, a 
plurality of polarization domains are fonned by setting a 

40 plurality of applied voltages with the applied voltage set- 
ting device with respect to a predetermined applied time 
length set with the applied time length setting device. 
[0019] According to this aspect, firstly, the time length 
of applying, i.e. the pulse width Is set, and various levels 

45 of voltages are applied with the pulse width to form the 
polarization domains sequentially. After sequentially 
changing the voltage within a predetennined range and 
applying it, a next pulse width is set and the voltage is 
applied in the same manner, thereby collecting data. 

50 Thedataon the applied voltage, the applied time length, 
and the polarization domain can be obtained quickly and 
in full. 

[0020] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, the 
55 applied voltage setting device is provided with: a device 
for setting an initial voltage of the applied voltage; a de- 
vice for setting a step voltage to be added to the initial 
voltage; and a device for setting the number of adding 
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the step voltage, the applied voltage setting device se- 
quentially adding the step voltage to the applied voltage 
wh enever forming the polarization domain and automat- 
ically setting the applied voltage until reaching the set 
number. 

[0021] According to this aspect, the applied voltage is 
sequentially obtained by an operation according to a 
predetermined rule, then, the obtained voltage is se- 
quentially applied to the probe for a predetennlned time 
length, and the polarization domain is automatically 
formed. For example, if the initial applied voltage is Vq, 
the step voltage A V, and the number of execution no, 
the n-th applied voltage V is operated by V = Vq + AV x 
n (n ^ no) and the voltage is applied. 
[0022] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, a 
plurality of polarization domains are formed by setting a 
plurality of applied time length with the applied time 
length setting device with respect to a predetermined 
applied voltage set with the applied voltage setting de- 
vice. 

[0023] According to this aspect, firstly, the voltage to 
be applied is set, and the applied voltage Is applied with 
various pulse widths to form the polarization domains. 
After changing the pulse width within a predetermined 
range and applying it, a next applied voltage is set and 
the polarization domain is fonned in the same manner, 
thereby collecting data. The data on the applied voltage, 
the applied time length, and the polarization domain can 
be obtained quickly and In full. 
[0024] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, the 
applied time length setting device Is provided with: a de- 
vice for setting an initial time length of the applied time 
length; a device for setting a step time length to be add- 
ed to the initial time length; and a device for setting the 
number of adding the step time length, said applied time 
length setting device sequentially adding the step time 
length to the applied time length whenever forming the 
polarization domain and automatically setting the ap- 
plied time length until reaching the set number, 
[0025] According to this aspect, the applied time 
length is sequentially obtained by an operation accord- 
ing to a predetermined rule, then, the applied voltage 
which is set is sequentially applied for the operated time 
length, and the polarization domain Is automatically 
fonned. For example, if the Initial applied time length is 
Tq, the step time length AT, and the number of execution 
mo, the n-th applied time length T is operated by T = Tq 
+ A T X m (m ^ mo), and the applied voltage Is applied 
with the pulse width. 

[0026] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, It is 
provided with a memory device for memorizing: the ap- 
plied voltage which is set by the applied voltage setting 
device and which is applied; the applied time length 
which is set by the applied time length setting device 
and for which the applied voltage is applied; and the size 
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of the polarization domain measured by the measure- 
ment device. 

[0027] According to this aspect, the voltage to be ap- 
plied, the time length of applying, and the size of the 
5 polarization domain formed at that time are recorded or 
memorized with respect to all of the combination of the 
applied voltage and the applied time length. They are 
used as data when obtaining the optimum record con- 
dition. 

10 [0028] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, in- 
fomriation on the material and the thickness of the die- 
lectric recording medium and on the radius of the probe 
applying the applied voltage is further memorized In the 

15 memory device. 

[0029] According to this aspect, the material and the 
thickness of the dielectric material to be used and the 
radius of the probe to be used are recorded or memo- 
rized as data in addition to the voltage to be applied, the 

20 time length of applying, and the size of the polarization 
domain fonned at that time. The information on these is 
used as the data when obtaining the optimum record 
condition. 

[0030] In another aspect of the record condition ex- 

25 traction system of the dielectric recording medium, it is 
provided with an output device for outputting in a prede- 
termined format: applied voltage information indicating 
the applied voltage which is set by the applied voltage 
setting device and which is applied; applied time length 

30 Infonnatlon Indicating the applied time length whteh is 
set by the applied time length setting device and for 
which the applied voltage is applied; and size informa- 
tion Indicating the size of the polarization domain meas- 
ured by the measurement device. 

35 [0031] According to this aspect, it is possible to output 
in the predetennlned format the infomnation on the volt- 
age to be applied, the time length of applying and the 
size of the polarization domain fonned at that time in any 
case. For example, as the output device there are a per- 

40 sonal computer, a printer, a monitor, and the like. It is 
also possible to obtain the optimum condition by a visual 
observation from the data outputted with the output de- 
vice. 

[0032] In another aspect of the record condition ex- 
45 traction system of the dielectric recording medium, the 
detection device detects whether or not the polarization 
domain fonned in the dielectric recording medium Is sta- 
ble and the smallest on the basis of information memo- 
rized In the memory device. 
so [0033] According to this aspect, the stable and the 
smallest polarization domain fonned is chosen on the 
basis of the memorized data on the polarization domain, 
it Is possible to operate with a computer in a statistical 
method by using the data, and It is also possible to op- 
55 erate the optimum size which is not formed actually. 
[0034] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, In- 
fomriation on the polarization domain which is stable and 
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the smallest and which is detected by the detection de- 
vice and on its size is outputted from the output device 
with infonnatlon on the applied voltage which is set by 
the applied voltage setting device and which is applied 
and infonnatlon on the applied time length which is set 
by the applied time length setting device and for which 
the applied voltage is applied. 
[0035] According to this aspect, the size of the opti- 
mum polarization domain obtained is outputted to a per- 
sonal computer, a printer, a monitor, and the like with 
the infonnation on the applied voltage and the applied 
time length obtained when fomning the polarization do- 
main. If the applied voltage and the applied time length 
at this time are not actually used for the fomnation of the 
polarization domain, the optimum value can be operated 
by a computer and outputted. 
[0036] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, the 
shortest applied time length setting by the applied time 
length setting device is perfonned on the basis of the 
value of coercive electric field intrinsic in the dielectric 
recording medium. 

[0037] According to this aspect, the minimum value of 
the applied voltage set initially is a voltage that can fomn 
an electric field countering the value of the coercive 
electric field of the dielectric material to be used. Be- 
cause of this, it is possible to leam the lower limit value 
of the voltage to be applied and avoid testing the forma- 
tion of the polarization domain in the range of the voltage 
of no use. 

[0038] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, a di- 
electric material of the dielectric recording medium is a 

ferroelectric material. 

[0039] According to this aspect, the ferroelectric ma- 
terial is used as a medium material. 
[0040] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, a di- 
electric material of the dielectric recording medium is 
LiTaOg. 

[0041] According to this aspect, LiTaOg, which can 
easily reverse the polarization regardless of the electric 
field applied by the probe because of its low dielectric 
constant, is used as the medium material, and the form 
as the dielectric recording medium can be easily con- 
structed so as to record onto Z surface of LiTaOs on 
which + surface and - surface of the polarization have a 
relation of 180 degree domain. 
[0042] In another aspect of the record condition ex- 
traction system of the dielectric recording medium, it Is 
provided with a scanning nonlinear dielectric microsco- 
py as the measurement device for measuring the size 
of the polarization domain. 

[0043] According to this aspect, it is possible to meas- 
ure the size of the polarization domain accurately and 
quickly with the scanning nonlinear dielectric microsco- 
py. 

[0044] The above object of the present Invention can 



be achieved by a record condition extraction method of 
a dielectric recording medium of applying a voltage to 
the dielectric recording medium with a probe and ex- 
tracting a record condition for recording infonnation. The 

5 record condition extraction method is provided with: an 
applied voltage setting process of setting an applied 
voltage to be applied to the dielectric recording medium; 
an applied time length setting process of setting an ap- 
plied time length of the set applied voltage; a polariza- 

10 tion domain formation process of applying the applied 
voltage to the dielectric recording medium on the basis 
of the set applied voltage and the set applied time length 
to form a polarization domain; a measurement process 
of measuring a size of the polarization domain fonned 

15 in the polarization domain fomnation process; a detec- 
tion process of detecting whether or not the polarization 
domain fomied in the dielectric recording medium is sta- 
ble and the smallest; and a condition determination 
process of detemnining an applied voltage and an ap- 

20 plied time length that have formed the polarization do- 
main as an optimum record condition if the polarization 
domain is detected as being stable and the smallest in 
the detection process. 

[0045] According to the record condition extraction 

25 method of the dielectric recording medium, for the pur- 
pose of high-density or high-speed recording in the di- 
electric recording medium, an optimum applied voltage 
to be applied to an electrode and an optimum time length 
of applying the applied voltage, i.e. the pulse width are 

30 detemnined. 

[0046] In the applied voltage setting process and the 
applied time length setting process, an application con- 
dition of the voltage to be applied to the probe. I.e. the 
applied voltage and the applied time length are set. In 

35 the polarization domain formation process, the probe 
abuts onto the dielectric substance, the voltage is ap- 
plied according to the application condition of the set 
voltage, thereby forming the polarization domain. In the 
measurement process, the size of the formed polariza- 

40 tion domain is measured. In the detection process, the 
stable and the smallest polarization domain is detected 
from the polarization domains formed under the various 
application conditions of the voltage. Moreover, in the 
condition determination process, the applied voltage 

45 and the applied time length obtained when fonning the 
optimum polarization domain are determined as the op- 
timum record condition from the optimum polarization 
domain detected in the detection process. 
[0047] After passing through the above processes, It 

50 Is possible to extract the applied voltage and the applied 
time length appropriate for the high-density and high- 
speed recording. 

[0048] In one aspect of the record condition extraction 
method of the dielectric recording medium, it is provided 
55 with another condition determining process of detemiin- 
ing an allowable range in the size of the polarization do- 
main on the basis of the size of the polarization domain 
which Is stable and the smallest detected in said detec- 
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tion process, and determining an applied voltage and 
an applied time length which are needed for forming the 
polarization domain having a size within the allowable 

range. 

[0049] The aforementioned condition detennlning 
process determines the applied voltage and the applied 
time length which Is needed to fonn one size of the po- 
larization domain which is stable and the smallest de- 
tected in the detection process. However, the condition 
detemriining process according to this aspect deter- 
mines an allowable range in the size of the polarization 
domain on the basis of the size of the polarization do- 
main which is stable and the smallest detected in the 
detection process, and determines an applied voltage 
and an applied time length which are needed for forming 
the polarization domain having a size within the allowa- 
ble range. Theoretically, the size of the polarization do- 
main which is stable and the smallest is one. However, 
actually, It Is allowed to change the size of the polariza- 
tion domain within an allowable range. The allowable 
range is determined, for example, on the basis of func- 
tional conditions of an Infomiatlon recording or repro- 
ducing apparatus. More concretely, it is determined so 
as to keep the limitation of record speed or record den- 
sity of an information recording or reproducing appara- 
tus. Thus, it Is possible to Improve degree of freedom 
about setting of the voltage applied time length or setting 
of the polarization domain size. 
[0050] In another aspect of the record condition ex- 
traction method of the dielectric recording medium, it Is 
further provided with a memory process of memorizing: 
the applied voltage which Is set in the applied voltage 
setting process and which is applied; the applied time 
length which is set In the applied time length setting 
process and for which the voltage is applied; and the 
size of the polarization domain measured in the meas- 
urement process. 

[0051] According to this aspect, the applied voltage 
and the applied time length obtained when forming the 
polarization domain and the size of the polarization do- 
main are recorded or memorized, and they are used 
when extracting the optimum record condition. 
[0052] In another aspect of the record condition ex- 
traction method of the dielectric recording medium, it is 
further provided with an output process of outputting in 
a predetennined format: applied voltage information in- 
dicating the applied voltage which Is set in the applied 
voltage setting process and which Is applied; applied 
time length Information indicating the applied time 
length which is set in the applied time length setting 
process and for which the applied voltage is applied; and 
size information indicating the size of the polarization 
domain measured In the measurement process. 
[0053] According to this aspect, the applied voltage 
and the applied time length obtained when forming the 
polarization domain and the size of the polarization do- 
main are outputted to the output device such as a per- 
sonal computer, a printer, a monitor, and the like. 



[0054] In another aspect of the record condition ex- 
traction method of the dielectric recording medium, the 
detection process detects whether or not the polariza- 
tion domain fomned in the dielectric recording medium 

5 is stable and the smallest on the basis of information 
memorized in the memory process. 
[0055] According to this aspect, the stable and the 
smallest polarization domain can be obtained on the ba- 
sis of the information memorized in the memory proc- 

10 ess. 

[0056] In another aspect of the record condition ex- 
traction method of the dielectric recording medium, in- 
fonnation on the polarization domain which is detected 
as being stable and the smallest In the detection process 

15 is outputted in the output process with infomnation on 
the applied voltage which is set in the applied voltage 
setting process and which is applied and information on 
the applied time length which is set in the applied time 
length setting process and for which the applied voltage 

20 is applied. 

[0057] According to this aspect, the infomnation on the 
applied voltage and the applied time length set when 
fonning the polarization domain is outputted to the out- 
put device, such as a personal computer, a printer, a 

25 monitor, and the like, with the infonnation on the polar- 
ization domain which is detected as being stable and 
the smallest In the detection process. 
[0058] The above object of the present Invention can 
be achieved by an information recording apparatus of a 

30 dielectric recording medium for recording infonnation by 
applying a voltage to the dielectric recording medium to 
fonn a polarization domain. The infonnation recording 
apparatus is provided with: an applied voltage setting 
device for setting an optimum applied voltage of a volt- 

35 age applied to the dielectric recording medium; and an 
applied time length setting device for setting an optimum 
applied time length of the voltage applied to the dielec- 
tric recording medium. 

[0059] According to the infonnation recording appa- 
40 ratus of the present invention, since the infomnation re- 
cording apparatus is provided with the applied voltage 
setting device and the applied time length setting de- 
vice, it is possible to set the optimum record condition 
to record, on the basis of the material characteristic and 
45 the material thickness of the dielectric recording medi- 
um and the probe radius of the apparatus. 
[0060] In one aspect of the infonnation recording ap- 
paratus of the present Invention, it is provided with a 
record infonnation reproducing device for reproducing 
50 the infonnation recorded in the dielectric recording me- 
dium. 

[0061] According to this aspect, since the information 
recording apparatus provided with the applied voltage 
setting device and the applied time length setting device 
55 has a reproducing function, It is possible to reproduce 
the infonnation recorded in the recording medium as 
well as recording with the optimum record condition. 
[0062] The nature, utility, and further features of this 
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invention will be more clearly apparent from the follow- 
ing detailed description with reference to preferred em- 
bodiments of the Invention when read In conjunction 
with the accompanying drawings briefly described be- 
low. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0063] 

FIG. 1 is a block diagram showing a structure of a 
record condition extraction system for obtaining a 
record condition of a dielectric recording medium; 
FIG. 2 is a flow chart showing operational flow of 
the record condition extraction system; 
FIG. 3A to FIG. 3D are schematic diagrams showing 
record conditions to the dielectric recording medi- 
um, FIG. 3A showing the condition that a polariza- 
tion domain is formed on the end of a probe, FIG. 
3B showing the condition that the polarization do- 
main further grows, FIG. 30 showing the condition 
that the polarization domain reaches the back sur- 
face of the recording medium and the polarization 
domain is completely formed, and FIG. 3D showing 
a strength distribution of an electric field in the re- 
cording medium by the probe; 
FIG. 4 is a measurement diagram showing a rela- 
tionship between voltage applied time length and a 
dot radius at the applied voltage of 12 V and with 
the probe radius of 25 nm; 
FIG. 5 Is a measurement diagram showing a rela- 
tionship between voltage applied time length and a 
dot radius at the applied voltage of 15 V and with 
the probe radius of 25 nm; 
FIG. 6 is a measurement diagram showing a rela- 
tionship between voltage applied time length and a 
dot radius at the applied voltage of 18 V and with 
the probe radius of 25 nm; 
FIG. 7 is a schematic diagram showing a relation- 
ship between a thickness of the dielectric substance 
and a minimum voltage, which reverses the polari- 
zation domain, with a probe shape as a parameter; 
FIG. 8 is a diagram showing the relationship be- 
tween a dot radius and a voltage applied time length 
when certain allowable values are set with respect 
to an optimum dot radius; 
FIG. 9 Is a flowchart showing the operational flow 
of a record condition extraction system when cer- 
tain allowable values are set with respect to an op- 
timum dot radius; 

FIG. 1 0 is a schematic diagram showing one exam- 
ple of an information recording apparatus which us- 
es the dielectric recording medium and in which the 
record condition is set by an extraction method of 
the present invention; and 
FIG. 11 is a schematic diagram to explain a struc- 
ture of a lock-in amp used for signal detection and 
its signal detection operation. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(I) First Embodiment 

5 

[0064] The record condition extraction system and 
method of the dielectric recording medium of the present 
invention will be explained with reference to FIG. 1 to 
FIG. 7. FIG. 1 is a block diagram showing a structure of 

10 a record condition extraction system for obtaining a 
record condition of a dielectric recording medium. FIG. 
2 is a flow chart showing operational flow of the record 
condition extraction system. FIG. 3A to FIG. 3D are 
schematic diagrams showing record conditions to the 

15 dielectric recording medium, FIG'. 3A showing the con- 
dition that a polarization domain is formed on the end of 
a probe, FIG. 3B showing the condition that the polari- 
zation domain further grows, FIG. 3C showing the con- 
dition that the polarization domain reaches the back sur- 

20 face of the recording medium and the polarization do- 
main is completely fomned, and FIG. 3D showing a 
strength distribution of an electric field in the recording 
medium by the probe, FIG. 4 to FIG. 6 are measurement 
diagrams showing a relationship between voltage ap- 

25 plied time length and a dot radius. FIG. 7 is a schematic 
diagram showing a relationship between a thickness of 
the dielectric substance and a minimum voltage, which 
reverses the polarization domain, with a probe shape as 
a parameter. 

30 [0065] The record condition extraction system of the 
present invention is intended to obtain a condition to be 
recorded when recording infomnation in the dielectric re- 
cording medium. Concretely, the record condition ex- 
traction system obtains voltage applied between an 

35 electrode placed on the back surface of the dielectric 
recording medium and a probe abutting on a recording 
surface of the dielectric recording medium, and further 
obtains the time length that the voltage is applied to the 
dielectric recording medium, i.e. a pulse width. By ap- 

40 plying the voltage to the dielectric recording medium on 
the basis of the extracted condition, the polarization do- 
main at this time is formed as a dot of the smallest radius 
which maintains a stable condition. This dot corre- 
sponds to one unit of the recording infomnation, and its 

45 recording time is short. Moreover, it enables a record 
condition with high recording density to beset. Inciden- 
tally, the material and the thickness of the dielectric re- 
cording medium, the probe radius, and the like affect the 
optimum applied voltage and the optimum applied time 

50 length. 

[0066] As shown In the block diagram In FIG. 1 , a 
record condition extraction system 1 of the dielectric re- 
cording medium related to the present invention Is pro- 
vided with: an applied voltage setting device 11 ; an ap- 
55 plied time length setting device 12; a record control de- 
vice 13; an applied voltage / applied time length record 
device 14; a record device 15; a dot radius measure- 
ment device 16; a dot radius record device 17; an opti- 
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mum dot radius detection device 18; a record condition 
determination device 1 9; and an output device 20. 
[0067] A dielectric recording medium 37 Is equipped 
with a dielectric substance 35 and an electrode 36 on 
Its one surface. When a voltage Is applied to a probe 31 
abutting on the other surface, a polarization domain Is 
formed depending on an electric field produced between 
the probe 31 and the electrode 36, and then information 
Is recorded. In this case, Initializing the polarization do- 
main of the dielectric substance 35 in advance to a + 
surface or a - surface and applying to the probe 31 a 
voltage that will reverse this polarization make It possi- 
ble to obtain better S/N ratios of data. 
[0068] The applied voltage setting device 1 1 sets the 
voltage applied to the probe 31 of the record device 1 5. 
As the fomn of setting the applied voltage, for example, 
the applied voltage setting device 1 1 is provided with: a 
device for inputting an Initial applied voltage Vq, a step 
voltage AV, which is stepwise applied, and the number 
no of applying; and a device for operating an applied 
voltage \/ = Vo-fAVxn(n^ ng), and the applied volt- 
age V is automatically calculated depending on the 
number of applying. Moreover, It is not limited to this, 
but it is also possible to set an arbitrary voltage manually 
whenever applying the voltage. 
[0069] The applied time length setting device 12 sets 
the applied time length of the voltage applied to the 
probe 31 of the record device 1 5. As the fomn of setting 
the applied time length, for example, the applied time 
length setting device 12 Is provided with: a device for 
Inputting an initial applied time length Tq, a step time 
length AT, which is stepwise applied, and the number 
mo of applying; and a device for operating an applied 
time length T = Tq + A T x m (m ^ mo), and the applied 
time length T is automatically calculated depending on 
the number of applying. Moreover, it is not limited to this, 
but It is also possible to set an arbitrary applied time 
length manually whenever applying. 
[0070] The record control device 13 controls the 
record device 1 5 to fomn the polarization domain, on the 
basis of the applied voltage V set at the applied voltage 
setting device 11 and the applied time length T set at 
the applied time length setting device 12. Moreover, The 
record control device 13 records the data of the applied 
voltage V and the applied time length T at the applied 
voltage/ applied time length record device 1 4 in the fonn 
able to correspond to the fonned polarization domain 
whenever forming the polarization domain. Incidentally, 
the initial applied voltage Vq and initial applied time 
length Tq are set as the smallest voltage and pulse 
width, which can fomn the polarization domain on the 
basis of the coercive electric field of the dielectric mate- 
rial 35 and In opposition to this. 
[0071] The applied voltage / applied time length 
record device 14 records the applied voltage V and the 
applied time length T applied when fonning the polari- 
zation domain, in the form able to corespond to the 
formed polarization domain. If the optimum polarization 



domain for recording is obtained from among the polar- 
ization domains fonned by the combinations of various 
applied voltages V and various applied time lengths T, 
the combination of the applied voltage V and the applied 

5 time length T, which have fomied the optimum polariza- 
tion domain, can be detemnlned. 
[0072] The record device 15 Is Intended to fomn the 
polarization domain with respect to a dielectric recording 
medium 37 on the basis of the record condition from the 

10 record control device 13. The voltage Is applied by the 
probe 31 to the dielectric substance 35 of the dielectric 
recording medium 37 to form the dot. The record condi- 
tion Is the applied voltage V and the applied time length 
T, and their values are sequentially changed by the ap- 

15 plied voltage setting device 11 and the applied time 
length setting device 12. Whenever the probe 31 and 
the dielectric recording medium 37 form the dot, their 
relative position is moved by a not-illustrated moving 
mechanism, and they fonn another dot by a next voltage 

20 application condition In a new recording domain. 

[0073] The dot radius measurement device 1 6 meas- 
ures the size of the dot by a polarization domain fomned 
at the record device 1 5. As means for measuring, there 
are used the method of measuring by chemical-etching 

25 the recording surface of a recording medium and detect- 
ing the difference of an etching rate, the method of 
measuring by applying a high frequency voltage to a di- 
electric material by an AFM apparatus and detecting pi- 
ezoelectric response, and the SNDM method proposed 

30 by the Inventors of the present invention. The dot radius 
measurement device 16 shown in FIG. 1 scans on the 
dielectric substance 35 with the probe 31 in the direction 
shown with an alphabet L, and more specifically, It 
measures the dot radius by an electric device, which will 

35 be explained in the third embodiment. 

[0074] The dot radius record device 1 7 sequentially 
records the dot radius of a polarization domain 38 meas- 
ured at the dot radius measurement device 16. The dot 
is recorded in the fomn able to correspond to tnfonnatlon 

40 on the applied voltage V and the applied time length T 
fonning the dot. For example, the recording in the order 
corresponding to the forming order can correspond to 
the order of the applied voltage V and the applied time 
length T recorded at the applied voltage / applied time 

45 length record device 14, 

[0075] The optimum dot detection device 18 detects 
the stable and the smallest dot from the data recorded 
in the dot record device 1 7. As a method of detecting, it 
is conceivable of calculating by using a statistical ap- 

50 proach from the relationship of the dot radius to the ap- 
plied time length T or detemninlng from the measure- 
ment diagrams of the dot radius to the applied time 
length T, as shown In FIG. 4 to FIG. 6, which will be ex- 
plained later. 

55 [0076] The record condition detennlnation device 19 
detemnines the applied voltage V and the applied time 
length T to form the stable and the smallest dot from the 
optimum dot detected at the optimum dot detection de- 
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vice 18 and from the applied voltage V and the applied 
time length T which are recorded at the applied voltage 
/ applied time length record device 1 4 and which are set 
and applied for the fomiation of the optimum dot. This 
optimum applied voltage V and applied time length T 
are not limited to actual set values, but are obtained as 
their intermediate values by a statistical operation in 
some cases. 

[0077] The output device 20 outputs after correlating 

the data recorded in the applied voltage / applied time 
length record device 1 4 with the data recorded In the dot 
radius record device 17, and it also outputs the applied 
voltage V, the applied time length T, and the like ob- 
tained to form the stable and the smallest dot. As the 
output apparatus, there are a personal computer, a 
printer, a monitor, and the like. Moreover, it is possible 
to estimate and obtain the optimum record condition 
from the output indicating the relationship among the dot 
radius, the applied voltage V, and the applied time length 
T 

[0078] As explained above, according to the record 
condition extraction system of the dielectric recording 
medium of the present Invention, it is possible to obtain 
the set condition of the applied voltage and the applied 
time length forming the small and the smallest polariza- 
tion domain in response to the material and the thick- 
ness of the dielectric substance, and the probe radius. 
Therefore, by setting the condition of the applied voltage 
and the applied time length obtained to an information 
recording apparatus having the material and the thick- 
ness of the same dielectric substance, and the same 
probe radius. It becomes possible to record Information 
at high speed and with high density. 
[0079] Next, the operational flow of the record condi- 
tion extraction system 1 will be explained. As shown in 
FIG. 2, initial values are firstly set, such as the initial ap- 
plied voltage Vq applying between the probe 31 and the 
electrode 36, the step voltage AV, the initial applied time 
length Tq, the step time length AT, the number no of set- 
ting the applied voltage, and the number tdq of setting 
the applied time length (step SI 01 ) . These initial applied 
voltage Vq and initial applied time length Tq are respec- 
tively set as the smallest voltage and pulse width, which 
can forni the polarization domain in opposition to the co- 
ercive electric field obtained of the dielectric material 35. 
The applied time length corresponds to the pulse width 
of the applied voltage. 

[0080] Secondly, the applied voltage V = Vq + A V x 
n Is set (step 8102). n is the number of setting, and if 
n=0 is a start, a first applied voltage becomes the volt- 
age Vq set initially. Then, the applied time length T = Tq 
+ AT X m is set (step SI 03). m is the number of setting, 
and if m=0 is a start, a first applied time length becomes 
the time Tq set initially. 

[0081 ] After the applied voltage V and the applied time 
length T are set. the voltage to have set is applied to the 
electrode 31 for the time to have set, and the polarization 
domain is formed in the dielectric recording medium 37 



(step SI 04). This formation of the polarization domain 
causes the dot of the polarization domain to be fomned 
in the size con^esponding to the applied voltage V and 
the applied time length T. After step SI 04, the probe 31 

5 moves a predetermined position of applying a next volt- 
age on the dielectric recording medium (step 8105). 
[0082] Next, it is judged whether or not the number of 
applying reaches the number mo set Initially (step 
8106). If not reaching, the operational flow returns to 

10 step 81 03, and the formation of the polarization domain 
is repeated with the next applied time length set. 
[0083] If the number of applying reaches the number 
mo set initially, then it is judged whether or not the 
number of applying the voltage reaches the number ng 

15 set initially (step SI 07). If not reaching, after the applied 
time length T is set Tq (step 8108), the operational flow 
returns to step S1 02, and the formation of the polariza- 
tion domain is repeated with the next applied voltage 
set. 

20 [0084] Incidentally, it is assumed that the execution 
number m of setting the applied voltage and the execu- 
tion number n of setting the applied time length are 
counted on a predetermined route during an operation 
routine. The setting order of the applied voltage can be 

25 replaced with that of the applied time length. 

[0085] After the execution number m of setting the ap- 
plied voltage and the execution number n of setting the 
applied time length exceed the numbers mp and no set 
initially, thereby completing the record operation, the dot 

30 radius of the fomned polarization domain is measured 
(step 8109). As the measurement of the dot radius, 
there are used the method of measuring by chemical- 
etching the recording surface of a recording medium 
and detecting the difference of an etching rate, the meth- 

35 od of measuring by applying a high frequency voltage 
to a dielectric material by an AFM apparatus and detect- 
ing piezoelectric response, or the 8NDM method. 
[0086] Then, the optimum dot radius for the record op- 
eration is chosen from a distribution condition of the 

40 fomned dot radius. The dot which is stable and whose 
dot radius is the smallest will be chosen and decided, 
which will be explained in detail later with reference to 
FIG, 4 to FIG. 6 (step 8110). 

[0087] Then, the applied voltage V and the applied 
45 time length T at the time of forming the optimum dot for 
recording are read out from the applied voltage / applied 
time length record device 14, and the applied voltage V 
and the applied time length T of the optimum dot forma- 
tion for the characteristics and the thickness of the die- 
50 lectric material, and the probe radius which are used at 
that time are determined (step 8111). 
[0088] As described above, the applied voltage V and 
the applied time length T of the optimum dot formation 
for the characteristics and the thickness of the dielectric 
55 material, and the probe radius are extracted. If they are 
applied for the recording apparatus, the extracted ap- 
plied voltage V and the extracted applied time length T 
are set (step 8112) with respect to the recording appa- 
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ratus having the same radius probe as that of the die- 
lectric material at the time of extracting, and information 
is started to record (step S1 13). 
[0089] The operational flow of the record condition ex- 
traction apparatus explained above is not limited to this. 
For example, it is also conceivable of taking a method 
of measuring the dot radius whenever the dot is formed, 
and the like. If the dot which is stable under many con- 
ditions of the applied voltage V and the applied time 
length T and whose radius is the smallest can be cho- 
sen, any operation forms will do. 
[0090] The stable polarization domain is fomned in the 
process shown in FIG. 3A to FIG. SC. FIG. 3A shows 
the condition that recording signals of the applied volt- 
age V and the applied time length T from a recording 
signal source 41 are applied to the dielectric recording 
medium 37 provided with the dielectric substance 35 
and the electrode 36 by the probe 31 having a hemi- 
spherical end portion whose radius is a. It shows the 
condition that a polarization domain 38a is fomned only 
on the end portion of the probe 31 and that the applied 
voltage V and the applied time length T are not sufficient. 
The dot in this condition is unstable, and it disappears. 
[0091] FIG. 3B shows that the tip of a polarization do- 
main 38b reaches the back surface of the dielectric sub- 
stance 35, and even in this condition, the stability as In- 
formation recording is not sufficient. 
[0092] FIG. 3C shows the condition that a polarization 
domain 38 completely reaches the back surface of the 
dielectric substance 35 thereby to form the dot having 
the substantially same radius as that of the probe 31 
and that the domain is completely polarized. This con- 
dition is stable, and it Is held without disappearing as 
Infonnatlon. This polarization domain 38 having the 
smallest radius Is obtained by the applied voltage V and 
the applied time length T, which are detemnined by the 
above described record condition extraction, being ap- 
plied. Incidentally, FIG. 3D shows a strength distribution 
of an electric field in the dielectric substance 35 by the 
probe 31 , and the polarization proceeds along this elec- 
tric field. 

[0093] Examples of measuring the applied voltage, 
the applied time length, and the dot radius and the de- 
tection of the optimum dot radius will be explained with 
reference to FIG. 4 to FIG. 6. These figures may be as- 
sumed to be outputted by a printer of the output device 
20 In FIG. 1 , for example. 

[0094] FIG. 4 is the case of the applied voltage 12 V 
and the probe radius 25 nm. FIG. 4 shows that the. dot 
radius rapidly decreases at shorter time than a point PI 
around the voltage applied time length 1000 nsec. The 
shorter time than this time corresponds to the conditions 
in FIG. 3B and FIG. 3A, and the formed dot Is unstable 
and inappropriate for infonnation recording. The point 
P1 and longer time correspond to the condition In FIG. 
3C, and the dot having the substantially same radius as 
the probe radius Is formed. The applied time length 
which is the shortest among them, i.e. the pulse width 



is small and a recording speed is fast, is employed as a 
condition. 

[0095] FIG. 5 is the case of the applied voltage 15 V 
and the probe radius 25 nm. FIG. 5 shows that the dot 

5 radius rapidly decreases at shorter time than a point P2 
around the voltage applied time length 100 nsec. At the 
shorter time than this time, the dot formed in the same 
manner as the above mentioned is unstable and inap- 
propriate for Infonnatlon recording, while the dot having 

10 the substantially same radius as the probe radius is 
fonned at the point P2. Incidentally, as the voltage ap- 
plied time length increases to 1 0000 nsec, the dot radius 
increases, but it is not preferable because this decreas- 
es the recording density and because this Is the domain 

IS decreasing the recording speed. 

[0096] FIG. 6 is the case of the applied voltage 1 8 V 
and the probe radius 25 nm. FIG. 6 shows that the dot 
radius rapidly decreases at shorter time than a point P3 
around the voltage applied time length 20 nsec. At the 

20 shorter time than this time, the dot fomned in the same 
manner as the above mentioned Is unstable and inap- 
propriate for infomnation recording, while the dot having 
the substantially same radius as the probe radius is 
fonned at the point P3. Incidentally, as the voltage ap- 

25 plied time length increases to 1 0000 nsec, the dot radius 
increases, but it Is not preferable because this also de- 
creases the recording density and the recording speed. 
[0097] As the optimum applied time length Is deter- 
mined with respect to each applied voltage and the ap- 

30 plied voltage Is higher, the applied time length Is shorter, 
i.e. the recording speed becomes higher. However, the 
applied voltage depends on a power environment of the 
infomnation recording apparatus, and it is necessary to 
consider about discharge depending on the thickness 

35 of the dielectric substance and the dielectric constant 
between the probe and the electrode, so that it is nec- 
essary to detennine the optimum applied voltage and 
the optimum applied time length as occasion demands, 
[0098] FIG. 7 is a schematic diagram showing a rela- 

40 tionship between a thickness of the dielectric substance 
and a minimum voltage, which reverses the polarization 
domain, with a probe shape as a parameter. Our re- 
search shows that there Is a similarity among the probe 
shape, the thickness of the dielectric recording medium, 

45 domain size, reverse voltage in the polarization domain, 
and the like. Therefore, even if the probe radius is 25 
nm and the thickness of the dielectric substance is 2000 
A in FIG. 7, things are the same, and it indicates that the 
small polarization domain is obtained con'esponding to 

50 the small probe radius. 

(11) Second Embodiment 

[0099] Next, an allowable range of the dot radius on 

55 ^ the basis of the smallest and stable polarization domain 
and the voltage applied time length will be explained 
with FIG. 8 and FIG. 9. This is useful to determine the 
size of the polarization domain which is more stable and 
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to obtain degree of freedom for setting the applied time 
length while keeping the limitation of the recording 
speed or the recording density. Incidentally, FIG. 8 is a 
diagram showing the relationship between the dot radi- 
us and the voltage applied time length when certain al- s 
lowable values are set with respect to the optimum dot 
radius shown in FIG. 5, for example. FIG. 9 is a flowchart 
showing the operational flow of the record condition ex- 
traction system shown in FIG. 2 when the allowable val- 
ues are set with respect to the optimum dot radius. 
[0100] As shown in FIG. 8, on the dot radius of the 
polarization domain, allowable range Ar^ in the plus di- 
rection and allowable range Ar2 in the minus direction 
are set on the basis of radius r© of point P2 at which the 
stable and smallest dot radius can be obtained. Ar^ and 
Ar2 are limited by the recording density of an Information 
recording apparatus. In order to obtain the more stable 
and larger polarization domain, It is important to set Ar^. 
Assuming that the voltage applied time length con'e- 
sponding to the point where the value of radius Atq + Ar^ 
and the measured dot curve intersect each other is t2, 
it Is pennissible to selectively set the voltage applied 
time length between the voltage applied time length t^ 
corresponding to the point Pg and the voltage applied 
time length t2. Therefore, it is possible to arbitrarily set 
the voltage applied time length while keeping the limita- 
tion of the recording speed of an information recording 
apparatus. 

[0101] As shown in FIG. 9, the operational flow of the 
record condition extraction system can be achieved by 
inserting steps 110a, 110b and 110c between steps 100 
and 11 1 in the operational flow shown in FIG. 2. At step 
1 1 0a, Ar^ and Ar2 shown in FIG. 8 are set. At step 1 1 0b, 
the dot radius range for recording is detemiined. At step 
110c, the range of the voltage applied time length for 
recording is set. In the initial state, the ranges Ar^ and 
Ar2 are detemiined and input depending upon the limi- 
tation of the record density in advance. On the basis of 
these conditions, the concrete applied voltage and ap- 
plied time length are detemiined at step 111. The other 
steps are the same as those in FIG. 2, and the explana- 
tion is omitted. 

(Ill) Third Embodiment 

[01 02] Next, the information recording apparatus pro- 
vided with setting devices for setting the applied voltage 
and the applied time length extracted the record condi- 
tion extraction system of the dielectric recording medi- 
um of the present invention will be explained. 
[0103] As shown in FIG. 1 0, an information recording 
apparatus 3 Is provided with: the dielectric recording 
medium 37 equipped with the dielectric substance 35 
and the electrode 36; the probe 31 ; an electrode 51 ; an 
AC (Altemating Current) signal generator 52; a record- 
ing signal generator 53; an applied voltage setting de- 
vice 11; an applied time length setting device 12; an 
adder 54; an oscillator 55; a FM (Frequency Modulation) 



demodulator 56; a signal detection device 57; an induc- 
tor L; an inductor La; and a capacitance Ca. Obviously, 
it is provided with other various general functions as the 
infomnation recording apparatus; however, their expla- 
nation is omitted. 

[0104] The dielectric recording medium 37 is a medi- 
um for recording information, and its shape can be var- 
ious, such as a disk form, a tape form, a card fonn, and 
the like. Moreover, It may be divided into a plurality of 
domains to provide record areas. As the dielectric sub- 
stance 35, a thin film of the dielectric material such as 
lithium tantalate or the like. The electrode 36 is an elec- 
trode of receiving the electric field applied to the dielec- 
tric substance 35. 

[01 05] The probe 31 is a hemispherical member hav- 
ing a predetermined radius at the end, and at least its 
surface has conductivity, In recording infonnatlon, the 
voltage is applied to this probe to fomn the polarization 
domain in the dielectric substance 35. On the other 
hand, in reproducing, the polarization domain is traced 
by the probe 31 to pickup the recorded information. 
[0106] The electrode 36 is intended to conduct to an 
earth the high frequency electric field applied in the 
microdomain of the dielectric substance 35 when a high 
frequency signal oscillated at the oscillator 55 is added 
to the probe 31 . 

[0107] The AC signal generator 52 is a device for gen- 
erating an AC signal applied to the probe 31, and it is 
intended to surely separate a reading signal by applying 
an alternating electric field to the microdomain of the di- 
electric substance 35 and modulating the reading signal 
when reading Infomnation. Moreover, It biases the re- 
cording signal from the recording signal generator 53, 
applies to the probe 31, and records information. The 
difference of the capacitance Cs corresponding to the 
polarization state causes oscillation frequency to be 
modulated, and demodulating this enables monitoring 
whether accurate record operation is perfonned. When 
recording infonnatlon, the SW 1 is connected to a ter- 
minal a, and when writing infomnation, the SW 1 Is con- 
nected to a temnlnal b. 

[0108] The applied voltage setting device 11 is a de- 
vice for setting the applied voltage, which is a signal for 
applying the dielectric substance 35 as explained in the 
first embodiment, and the applied voltage is set to form 
the polarization domain capable to record with the high- 
est density with respect to the dielectric substance 35. 
The optimum applied voltage is detemnined according 
to the explanation in the first embodiment. 
[0109] The applied time length setting device 12 is a 
device for setting the applied time length of the applied 
voltage, which is a signal for applying the dielectric sub- 
stance 35 as explained In the first embodiment, as is the 
case of the applied voltage setting device 11, and the 
applied time length is set to fonri the polarization domain 
capable to record with the highest density with respect 
to the dielectric substance 35 or the applied time length 
is set to fomn the polarization domain having the size 
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within the range determined in accordance with the lim- 
itation of the recording speed or the recording density 
of dielectric Information recording apparatus 3. The op- 
timum applied time length is determined according to 
the explanation in the first embodiment. 
[01 10] The recording signal generator 53 converts In- 
formation to be recorded in the dielectric recording me- 
dium 37 to a signal with an appropriate fomi for record- 
ing. A voltage level, a pulse width, and the like are con- 
verted according to the condition set at the applied volt- 
age setting device 1 1 and the applied time length setting 
device 12. 

[0111] The adder 54 adds the signal for recording 

from the recording signal generator 53 to the AC signal 
from the AC signal generator 52 to modulate and apply 
to the probe 31 . 

[0112] The oscillator 55 generates a signal to modu- 
late the frequency of the recorded infonnation and pick- 
up. The oscillation frequency is set at about 1 GHz, for 
example. 

[0113] The inductor La and the capacitance Ca con- 
stitute a low cut filter installed to prevent the AC signal 
of the AC signal generator 52 from interfering with the 
oscillator 55. The oscillation frequency of the oscillator 

55 is about 1 GHz, and even if the AC signal of the AC 
signal generator 52 is on the order of MHz, a primary 
LC filter can substantially separate it. Moreover, increas- 
ing the frequency is advantageous In view of data trans- 
mission rate, and in that case, a filter constant appropri- 
ate for It may be chosen. 

[0114] The inductor L constitutes a resonance circuit 
with the capacitance Cs corresponding to the polariza- 
tion domain under the probe 31 . The change of the ca- 
pacitance Cs changes the resonance frequency and 
causes the oscillation signal of the oscillator 55 to be 
frequency-modulated. By demodulating this frequency 
modulation, the recorded information can be read out. 
Although the capacitance Ca is in the resonance circuit, 
the capacitance Cs Is extremely small, compared to the 
capacitance Ca, so that the capacitance Cs is mainly a 
dominant factor with respect to the oscillation frequency, 
and the effect of the conductive Ca can be neglected. 
[0115] The FM modulator 56 demodulates the oscil- 
lation signal of the oscillator 55 frequency-modulated by 
the resonance circuit formed by the inductor L and the 
capacitance Cs. A typical FM detection device is used 
for this. 

[0116] The signal detection device 57 synchronously 
detects the signal demodulated at the FM demodulator 

56 by using the AC signal of the AC signal generator 52 
as a synchronous signal, thereby reproducing the re- 
corded information. 

[0117] Next, the record operation of the infonnation 
recording apparatus 3 will be explained. The SW 1 Is 
connected to the terminal b. Firstly, the information to 
be recorded is inputted in the recording signal generator 
53. Moreover, the level of the applied voltage is set at 
the applied voltage setting device 11, and the applied 



time length of the applied voltage is set at the applied 
time length setting device 12. They are inputted to the 
recording signal generator 53. At the recording signal 
generator 53, the infomnation to be recorded is convert- 

s ed in a predetermined format appropriate for recording, 
and it is outputted as the applied voltage level and the 
applied time length to have set, i.e. a digital recording 
signal of the pulse width. Incidentally, setting the applied 
voltage level and the applied time length, i.e. the pulse 

10 width, is perfomned by using the method explained in 
the first embodiment. 

[0118] The recording signal from the recording signa) 
generator 53 Is applied to the probe 31 through the In- 
ductor La, and the polarization domain is fornied on a 

15 predetermined portion of the dielectric substance 35 by 
the electric field generated between the probe 31 and 
the electrode 36, and thus Information is recorded. 
Then, the probe 31 or the dielectric recording medium 
37 is relatively moved by a non-illustrated mechanism, 

20 and then information is recorded. 

[01 19] A record monitor modulates the oscillation fre- 
quency of the oscillator 55 by the resonance circuit of 
the inductor L and the capacitance Cs corresponding to 
the polarization domain fonned, demodulates this mod- 

25 utated signal at the FM demodulator 56, and synchro- 
nously detects it at the signal detection device 57 with 
the AC signal of the AC signal generator 52 as the syn- 
chronous signal. 

[0120] Next, the reproduction operation of the infor- 

30 nation recording apparatus 3 will be explained. The SW 
1 isconnectedtothetermlnala.TheACsignal is applied 
to the probe 31 from the AC signal generator 52. This 
AC signal becomes the synchronous signal in the syn- 
chronous detection. When the probe 31 traces on the 

35 polarization domain, the capacitance Cs is detected, the 
resonance circuit is constructed by the capacitance Cs 
and the inductor L, and the oscillation frequency of the 
oscillator 55 is frequency-modulated with the resonance 
frequency. This frequency-modulated signal is demod- 

40 ulated at the FM demodulator56, it is synchronously de- 
tected at the signal detection device 57 with the AC sig- 
nal of the AC signal generator 52 as the synchronous 
signal, and the recorded information is reproduced. 
[0121] As an apparatus used forthe synchronous de- 

45 tection of the signal detection device 57, there is a lock- 
in amp. As shown In FIG. 11, it is provided with: input 
temninalsTI and T2; an amplifier 61 ; awavefonnshaper 
62; in-phase distributors 63 and 64; a 90 degree phase 
shifter 65; mixers 66 and 67, which are multipliers; iow- 

so pass filters 68 and 69; and output temninals T3 and T4. 
[0122] The amplifier 61 amplifies a demodulation sig- 
nal inputted through the input temninal T1 and outputs it 
to the in-phase distributor 63. The in-phase distributor 
63 distributes the amplified demodulation signal In- 

55 phase and outputs it to the mixers 66 and 67. On the 
other hand, the waveform shaper 62 shapes a standard 
signal inputted through the input temninal T2 Into a 
square wave and outputs it to the in-phase distributor 
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64. The in-phase distributor 64 distributes the standard 
signal outputted from the waveform shaper 62 in-phase 
and outputs it to the nnixer 67 and the 90 degree phase 
shifter 65. The 90 degree phase shifter 65 shifts the 
standard signal only at 90 degrees at the frequency of 
the dennodulation signal and outputs it to the mixer 66. 
The mixer 66 multiplies and mixes the demodulation sig- 
nal and the standard signal shifted only at 90 degrees, 
converts it to a signal having the sum and the difference 
between the frequency of the demodulation signal and 
the frequency of the standard signal, and outputs it to 
the low-pass filter 68. The low-pass filter 68 passes only 
a DC (direct cun^ent) signal among the Inputted signals 
after mixing and outputs an output voltage Va1 to the 
output terminal T3. The mixer 67 multiplies and mixes 
the standard signal and the demodulation signal, con- 
verts it to a signal having the sum and the difference 
between the frequency of the demodulation signal and 
the frequency of the standard signal, and outputs it to 
the low-pass filter 69. The low-pass filter 69 passes only 
the DC (direct current) signal among the inputted signals 
after mixing and outputs an output voltage Va2 to the 
output temiinal T4. 

[0123] The signal pickuped by a circuit having the 
function in this kind is reproduced with the AC signal of 
the AC signal generator 52 as the synchronous signal, 
and the recorded information is recreated. Incidentally, 
the method used for the synchronous detection is not 
limited to this lock-in amp. 

[0124] The above information recording apparatus is 
described about the apparatus having one probe, but 
the apparatus having a plurality of probes is also avail- 
able. In this case, the AC signal generator 52 requires 
the function of providing the different oscillation frequen- 
cy from each other for each probe. 
[01 25] Moreover, as the dielectric recording medium, 
its shape can be various, such as a disk fomn, a tape 
form, a card fonn, and the like. 

Claims 

1 . A record condition extraction system (1 ) of a dielec- 
tric recording medium (37) for applying a voltage to 
the dielectric recording medium with a probe (31) 
and extracting a record condition for recording in- 
fomnation characterized In that the record condi- 
tion extraction system comprises: 

an applied voltage setting device (11 ) for setting 
an applied voltage to be applied to the dielectric 
recording medium; 

an applied time length setting device (12) for 
setting an applied time length of the set applied 

voltage; 

a polarization domain formation device (15) for 
applying a voltage to the dielectric recording 

medium from the probe on the basis of the set 



applied voltage and the set applied time length 
to fomn a polarization domain; and 
a measurement device (16) for measuring a 
size of the polarization domain fonned by said 
5 polarization domain formation device. 

2. The record condition extraction system of the die- 
lectric recording medium according to claim 1 , char- 
acterized In that the record condition extraction 

10 system further comprises a detection device (1 8) for 
detecting whether or not the polarization domain 
fonned in the dielectric recording medium is stable 
and the smallest on the basis of a measurement re- 
sult by said measurement device. 

15 

3. The record condition extraction system of the die- 
lectric recording medium according to claim 2, char- 
acterized In that the record condition extraction 
system further comprises a condition determination 

20 device (1 9) for detemiining the applied voltage and 
the applied time length that have fonned the polar- 
ization domain as an optimum record condition if the 
polarization domain is detected as being stable and 
the smallest by said detection device, 

25 

4. The record condition extraction system of the die- 
lectric recording medium according to claim 2, char- 
acterized in that the record condition extraction 
system further comprises a condition detennining 

30 device (19) for detennining an allowable range in 
the size of the polarization domain on the basis of 
the size of the polarization domain which is stable 
and the smallest detected by said detection device, 
and determining an applied voltage and an applied 

35 time length which are needed for forming the polar- 
ization domain having a size within the allowable 
range. 

5. The record condition extraction system of the die- 
40 lectric recording medium according to any one of 

claims 1 to 4, characterized in that a plurality of 
polarization domains are formed in the dielectric re- 
cording medium by setting a plurality of applied volt- 
ages with said applied voltage setting device with 
45 respect to a predetennlned applied time length set 
with said applied time length setting device. 

6. The record condition extraction system of the die- 
lectric recording medium according to claim 5, char- 

so acterized In that said applied voltage setting de- 
vice comprises: 

a device for setting an Initial voltage of the ap- 
plied voltage; 

55 a device for setting a step voltage to be added 

to the Initial voltage; and 
a device for setting the number of adding the 
step voltage, and 
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25 

said applied voltage setting device sequentially 
adds the step voltage to the applied voltage 
whenever forming the polarization domain and 
automatically sets the applied voltage until 
reaching the set number. s 

7. The record condition extraction system of the die- 
lectric recording medium according to any one of 
claims 1 to 4, characterized in that a plurality of 
polarization domains are fomied in the dielectric re- io 
cording medium by setting a plurality of applied time 
length with said applied time length setting device 
with respect to a predetermined applied voltage set 
with said applied voltage setting device. 

15 

8. The record condition extraction system of the die- 
lectric reco rding medium according to claim 7, char- 
acterized in that said applied time length setting 
device comprises: 

20 

a device for setting an initial time length of the 
applied time length; 

a device for setting a step time length to be add- 
ed to the initial time length; and 
a device for setting the number of adding the 25 
step time length, and 

said applied time length setting device sequen- 
tially adds the step time length to the applied 
time length whenever forming the polarization 
domain and automatically sets the applied time 3o 
length until reaching the set number. 

9. The record condition extraction system of the die- 
lectric recording medium according to any one of 
claims 1 to 8, characterized in that the record con- 3s 
dition extraction system further comprises a mem- 
ory device (14) for memorizing: 

the applied voltage which is set by said applied 
voltage setting device and which Is applied; 40 
the applied time length which is set by said ap- 
plied time length setting device and for which 
the applied voltage is applied; and 
the size of the polarization domain measured 
by said measurement device. 45 

10. The record condition extraction system of the die- 
lectric recording medium according to claim 9, char- 
acterized in that infomnation on the material and 

the thickness of the dielectric recording medium so 
and on the radius of the probe applying the applied 
voltage is further memorized in said memory de- 
vice. 

11. The record condition extraction system of the die- S5 
lectric recording medium according to any one of 
claims 1 to 10, characterized in that the record 
condition extraction system further comprises an 
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output device (20) foroutputting in apredetennined 
format: 

applied voltage infomnation indicating the ap- 
plied voltage which is set by said applied volt- 
age setting device and which is applied; 
applied time length Information indicating the 
applied time length which is set by said applied 
time length setting device and for which the ap- 
plied voltage is applied; and 
size information indicating the size of the polar- 
ization domain measured by said measure- 
ment device. 

12. The record condition extraction system of the die- 
lectric recording medium according to claim 9 or 1 0, 
characterized in that said detection device detects 
whether or not the polarization domain f onned in the 
dielectric recording medium is stable and the small- 
est on the basis of infomnation memorized In said 
memory device. 

13. The record condition extraction system of the die- 
lectric recording medium according to any one of 
claims 1 to 12, characterized in that information 
on the polarization domain which Is stable and the 
smallest and which is detected by said detection de- 
vice and on its size is outputted from said output 
device with infonnation on the applied voltage 
which Is set by said applied voltage setting device 
and which is applied and infonnation on the applied 
time length which is set by said applied time length 
setting device and for which the applied voltage is 
applied. 

14. The record condition extraction system of the die- 
lectric recording medium according to any one of 
claims 1 to 13, characterized In that the shortest 
applied time length setting by said applied time 
length setting device is perfomned on the basis of 
the value of coercive electric field intrinsic in the di- 
electric recording medium. 

15. The record condition extraction system of the die- 
lectric recording medium according to any one of 
claims 1 to 14, characterized in that a dielectric 
material of the dielectric recording medium Is a fer- 
roelectric material. 

16. The record condition extraction system of the die- 
lectric recording medium according to any one of 
claims 1 to 15, wherein a dielectric material of the 
dielectric recording medium Is LiTaOs. 

17. The record condition extraction system of the die- 
lectric recording medium according to any one of 
claims 1 to 16, characterized in that the record 
condition extraction system comprises a scanning 
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nonlinear dielectric microscopy as said nneasure- 
ment device for measuring the size of the polariza- 
tion domain. 

18. A record condition extraction method of a dielectric s 
recording medium of applying a voltage to the die- 
lectric recording medium with a probe and extract- 
ing a record condition for recording information 
characterized In that the record condition extrac- 
tion method comprises: io 

an applied voltage setting process of setting an 
applied voltage to be applied to the dielectric 

recording medium; 

an applied time length setting process of setting ^5 
an applied time length of the set applied volt- 
age; 

a polarization domain fomnation process of ap- 
plying the applied voltage to the dielectric re- 
cording medium on the basis of the set applied 20 
voltage and the set applied time length to fomn 
a polarization domain; 

a measurement process of measuring a size of 
the polarization domain fonned in said polari- 
zation domain formation process; 25 
a detection process of detecting whether or not 
the polarization domain formed in the dielectric 
recording medium is stable and the smallest; 
and 

a condition detenriination process of detemriin- so 
ing an applied voltage and an applied time 
length that have formed the polarization do- 
main as an optimum record condition if the po- 
larization domain Is detected as being stable 
and the smallest in said detection process. 35 

19. The record condition extraction method of the die- 
lectric recording medium according to claim 18, 
characterized in that the condition detennining 
process detemriines an allowable range in the size 40 
of the polarization domain on the basis of the size 

of the polarization domain which is stable and the 
smallest detected in said detection process, and de- 
termines an applied voltage and an applied time 
length which are needed for forming the polarization ^5 
domain having a size within the allowable range. 

20. The record condition extraction method of the die- 
lectric recording medium according to claim 18 or 

19, characterized in that the record condition ex- so 

traction method further comprises a memory proc- 
ess of memorizing: 

the applied voltage which is set in said applied 
voltage setting process and which is applied; ss 
the applied time length which is set in said ap- 
plied time length setting process and for which 
the voltage is applied; and 
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the size of the polarization domain measured 
in said measurement process. 

21. The record condition extraction method of the die- 
lectric recording medium according to any one of 
claims 18 to 20, characterized in that further com- 
prises an output process of outputting In a prede- 
termined fomnat: 

applied voltage infonnation indicating the ap- 
plied voltage which is set in said applied voltage 
setting process and which Is applied; 
applied time length information Indicating the 
applied time length which is set in said applied 
time length setting process and for which the 
applied voltage is applied; and 
size information indicating the size of the polar- 
ization domain measured in said measurement 
process. 

22. The record condition extraction method of the die- 
lectric recording medium according to claim 20, 
characterized in that said detection process de- 
tects whether or not the polarization domain formed 
in the dielectric recording medium is stable and the 
smallest on the basis of infonnation memorized in 
said memory process. 

23. The record condition extraction method of the die- 
lectric recording medium according to claim 18, 
characterized in that information on the polariza- 
tion domain which is detected as being stable and 
the smallest in said detection process is outputted 
in said output process with infonnation on the ap- 
plied voltage which is set in said applied voltage set- 
ting process and which is applied and Information 
on the applied time length which Is set In said ap- 
plied time length setting process and for which the 
applied voltage is applied. 

24. An infonnation recording apparatus of a dielectric 
recording medium for recording infonnation by ap- 
plying a voltage to the dielectric recording medium 
tofomn a polarization domain characterized in that 
the information recording apparatus comprises: 

an applied voltage setting device for setting an 
optimum applied voltage extracted from the 
record condition extraction system according to 
any one of claims 1 to 17; and 
an applied time length setting device for setting 
an optimum time length of the voltage extracted 
from the record condition extraction system. 

25. The infonnation recording apparatus of the dielec- 
tric recording medium according to claim 24, char- 
acterized in that the information recording appara- 
tus further comprises a record information repro- 
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ducing device for reproducing the information re- 
corded In the dielectric recording nnedlum. 
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